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STATIC FORCE TESTS OF A MODEL OF A TWIN-JET FIGHTER 
AIRPLANE FOR ANGLES OF ATTACK FROM -10° TO 110° 

AND SIDESLIP ANGLES FROM -40° TO 40° 

By Ernie L. Anglin 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation was conducted on a 0.13-scale model of a twin-jet 
fighter airplane to obtain a set of static longitudinal and lateral-directional aerodynamic 
coefficients for use as inputs to a theoretical spin study. The tests were made for an 
angle -of -attack range of -10° to 110° and a sideslip-angle range of ±40°. Control- 
effectiveness tests were made for each control deflected individually and for a full left 
pro-spin combination of control deflections. 

The data are analyzed with respect to their intended use in spin theory. It was 
found that the data were repeatable and had no significant hysteresis effects. The lateral 
data had large nonlinear variations with sideslip angle over at least a portion of the 
angle-of-attack range. Deflection of the horizontal tail to the maximum stick-back posi- 
tion had significant effects on the yawing stability derivative in the spin-entry and 
developed- spin angle-of-attack ranges. The lateral control effectiveness for full left 
pro-spin control deflections was not the same as the sum of the effectiveness of each 
control individually deflected. The longitudinal control effectiveness was the same for 
the full left pro-spin control deflections as for horizontal tail alone. 

INTRODUCTION 

The Langley Research Center of the National Aeronautics and Space Administration 
is currently engaged in a research program to develop and validate theoretical methods 
for prediction of airplane spin characteristics. A large part of this program involves 
correlation between spin motions based on theoretical spin calculation and experimental 
spin motions obtained with dynamically scaled radio-controlled models. Theoretical 
spin calculations are at present normally made by using aerodynamic inputs and equa- 
tions of motion similar to those described in references 1 and 2. A previous attempt was 
made to validate these theoretical spin methods with the use of a model of a variable - 
sweep fighter airplane with a long pointed nose; the results of that investigation are pre- 
sented in detail in reference 3. For that configuration, the results showed very poor 



correlation between theoretical and experimental spin motions because large random 
asymmetric yawing moments were produced by flow separation off the pointed nose at 
high angles of attack. 

An investigation was undertaken to obtain a set of static aerodynamic data on a 
second configuration, a twin-jet swept-wing fighter airplane, for potential use as aero- 
dynamic inputs for spin theory so that further efforts could be made to correlate theoret- 
ical spin motions with experimental spin motions. Preliminary force tests of this con- 
figuration indicated that the data obtained were repeatable and showed no large variations 
of yawing moment, such as occurred for the model of reference 3. Several additional 
investigations have been made regarding the stall and/or spin characteristics of this 
particular configuration. Some factors affecting the lateral-directional characteristics 
at the stall have been reported in reference 4. The aerodynamic factors affecting flat- 
spin tendencies are presented in reference 5. 

The current series of wind-tunnel tests were conducted for the purpose of obtaining 
a set of static- and dynamic-force-test aerodynamic data with the use of the same indi- 
vidual model which is intended to be used for the free-flight radio-controlled experi- 
mental spin work. The results of the dynamic force tests for this particular model have 
been reported in reference 6. The investigation reported herein consisted of the static 
wind-tunnel force tests for this particular configuration over the angle -of -attack and 
side slip -angle ranges associated with spinning. The study included control-effectiveness 
tests to determine the effects of each individual control. In addition, at angles of attack 
beyond the stall, the effects of combinations of controls that would correspond to pro- 
spin and/or recommended spin-recovery controls were determined. The present tests 
were conducted at a tunnel velocity approximately equal to the expected velocity of the 
proposed free-flight model during spins. 

The present tests were conducted only to provide aerodynamic data for theoretical 
spin studies. Thus, the test results are presented with brief analyses or comments only 
on those data characteristics that are deemed to be of significance with regard to their 
intended use in theoretical spin studies. 

SYMBOLS 

All forces and moments presented herein are referred to the body system of axes, 
as shown in figure 1. The moment data are referred to a center-of-gravity position of 
33 percent of the wing mean aerodynamic chord. In order to facilitate international 
usage of the aerodynamic data presented, dimensional quantities are presented both in 
the International System of Units (SI) and in the U.S. Customary Units. Measurements 
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were made in U.S. Customary Units and equivalent dimensions were determined by using 
the conversion factors given in reference 7. 
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6 a,L’ 6 a,R 


longitudinal force acting along X body axis, N (lb) 

lateral force acting along Y body axis, N (lb) 

normal force acting along Z body axis, N (lb) 

moments of inertia about X, Y, and Z body axes, respectively, 
kg-m^ (slug-ft^) 

rolling moment acting about X body axis, m-N (ft-lb) 

pitching moment acting about Y body axis, m-N (ft-lb) 

yawing moment acting about Z body axis, m-N (ft-lb) 

angular velocities about X, Y, and Z body axes, respectively, rad/sec 

free- stream dynamic pressure, pvV 2, N/m^ (lb/ft^) 

wing area, m^ (ft^) 

linear velocities along X, Y, and Z body axes, respectively, m/sec 
(ft/ sec) 

free- stream velocity, m/sec (ft/sec) 

resultant linear velocity, m/sec (ft/sec) 

body reference axes 

earth reference axes 

angle of attack, deg or rad 

angle of sideslip, deg or rad 

left and right aileron deflection, respectively, with respect to chord line 
of wing, positive when trailing edge of aileron is down, deg 
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6^ horizontal-tail (elevator) deflection with respect to fuselage reference line, 

positive when trailing edge of elevator is down, deg 

6 r rudder deflection with respect to vertical tail, positive when trailing edge is 

to left, deg 

6„ t t? left anc * right spoiler deflection, respectively, with respect to wing surface, 

S j J-j S ? K 

positive when trailing edge of spoiler is down, deg 
p air density, kg/m^ (slugs/ft^) 

9 angle of pitch, deg or rad 

c p angle of roll, deg or rad 

4 / angle of yaw, deg or rad 

A A with a coefficient represents an incremental difference between a control- 

deflected value and a control -neutral value of that coefficient; for example, 

AC = (C Y ) - (C y ) 

'control deflected ' 'control neutral 

MODEL 

The force-test investigation was conducted with a 0.13-scale model of a two-place 
twin-jet high-performance fighter airplane designed for land and carrier-based operations. 
A three-view sketch showing the general layout of the model is presented in figure 2, a 
photograph of the model is shown in figure 3, and the geometric characteristics of the 
full-scale airplane are listed in table I. The longitudinal control system of the configu- 
ration consists of an all-movable horizontal tail which incorporates 23° of negative 
dihedral to satisfy longitudinal stability requirements in the normal operational flight 
range. Lateral control is provided by spoilers and ailerons in combination. The ailerons 
deflect downward only whereas the spoilers deflect upward only. The left aileron and 
right spoiler operate simultaneously as do the right aileron and left spoiler. The 
directional-control system consists of a conventional rudder. The maximum control- 


surface deflections are as follows: 

Horizontal-tail (elevator) deflection (trailing edge), deg 21 up, 9 down 

Aileron deflection, deg 0 up, 30 down 

Spoiler deflection, deg 45 up, 0 down 

Rudder deflection, deg ±30 
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TUNNEL AND TEST APPARATUS 

The investigation was conducted in the 9.1- by 18.3-meter (30- by 60-foot) open- 
throat test section of the Langley full-scale tunnel. The model was so small in propor- 
tion to the tunnel test section that no wind-tunnel jet-boundary or blockage corrections 
were required. 

The tests were made with the model mounted in the tunnel on the sting- support 
system as shown in figure 4. For angles of attack from -10° to 22.5°, the model was 
mounted on the sting as shown in figure 4(a). For the higher angles of attack, the njodel 
was mounted with the sting through the top of the model and the nose of the model toward 
the base of the sting support. (See fig. 4(b).) The angle of sideslip is varied by changing 
the yaw angle of the support strut about the vertical axis. The forces and moments were 
measured with a six-component internal strain-gage balance; 10 values were recorded 
and averaged to obtain the final value of each data point presented herein. 

TESTS 

The force tests were conducted in the Langley full-scale tunnel at a speed of 
approximately 30.78 meters per second (101 ft/sec) which corresponds to a Reynolds 
number of about 1.35 x 10® based on wing mean aerodynamic chord. 

Tests were made for the complete model at angles of attack from -10° to 22.5° 
over a sideslip-angle range of ±20°. In this relatively low angle -of -attack range, con- 
trol effectiveness was measured, with the effect of each control being determined sepa- 
rately. For the higher angles of attack (25° to 110°), the sideslip-angle range was 
extended to ±40°. In the high angle -of -attack range, control effectiveness was also mea- 
sured for each control separately and, in addition, the effectiveness of a set of combina- 
tion controls was investigated. Some brief tests were conducted with horizontal tails 
removed. Some repeat runs were made to investigate the repeatability of the data (or 
data scatter) and hysteresis effects. 

Typical loading conditions for this configuration result in most of the mass being 
distributed along the fuselage, with values of Iy and more than five times as 
great as 1^. For a mass loading of this type, the recommended spin-recovery control 
technique is simultaneous movement of the ailerons to full with the spin (stick right in 
a right spin), rudder to full against the direction of rotation, and elevators remaining in 
the original elevator-up setting (stick full back). (See ref. 1.) The set of combination 
controls investigated herein may be interpreted as pro-spin controls for a left spin or 
recovery controls for a right spin. 
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PRESENTATION OF RESULTS 


The results of the wind-tunnel tests are presented in figures 5 to 13 as indicated 
in the following table: 


Figure 

Data presented 

Effects of - 

5 

C z , C x , C m plotted against a 

0, 6^, and hysteresis 

6 

AC Z , AC X , ,AC m plotted against a 

Comparison of effectiveness of different control combinations 
on static longitudinal coefficients 

7 

Cy, C n , C z plotted against (3 

ct and 6 r 

8 

C y , C n , C t plotted against a 

Asymmetries at £ = 0° 

9 

Cy , C n , C t plotted against (3 

a and 6 a 

10 

Cy, C n , Cj plotted against 0 

a and combined left pro-spin controls 

11 

Cy, C n , Cj plotted against /3 

a and 6^ 

12 

C v , C n Cj plotted against a 

y /3 /3 

6 h 

13 

ACy, AC n , AC^ plotted against a 

Comparison of effectiveness of different control combinations on 
static lateral coefficients 


DISCUSSION OF RESULTS 

The present wind-tunnel investigation was made to obtain a set of longitudinal and 
lateral-directional static-force-test aerodynamic data with the use of the same individual 
model which is intended to be used for free-flight radio-controlled experimental spin 
work. The investigation was conducted solely to provide aerodynamic data for use as 
inputs for theoretical spin studies. The aerodynamic data thus obtained and presented 
herein is believed to be an excellent overall set of force-test data in that all the data, 
including specifically the data above the stall and at developed- spin angles of attack, were 
highly repeatable, as can be seen from the many repeat points shown in figures 5 to 13. 
The test results are presented with only brief analyses or comments on those data char- 
acteristics that are deemed to be of significance with regard to their intended use in 
theoretical spin studies. 


Longitudinal Characteristics 

Variati on with angle of attack .- The static longitudinal coefficients of the model as 
functions of angles of attack and sideslip are presented in figure 5. Some static longi- 
tudinal tests for controls neutral (6^ = 0°) were made with angle of attack increasing 
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and some tests were made with angle of attack decreasing. A comparison of the longi- 
tudinal data from these two tests shows no significant differences. This result indicates 
that there are no significant hysteresis effects nor any significant scatter in the longi- 
tudinal data for this configuration. 

Results are also shown in figure 5 for the model with horizontal-tail deflection 
angles of -21° and 7° and with horizontal tails off. The variation of longitudinal- and 
normal-force coefficients presented in figure 5(g), for zero sideslip angle and neutral 
controls ^5^ = 0°^, indicates that flow separation and stall begin to appear at an angle 
of attack of about 12° to 15°. An examination of the pitching-moment variation in fig- 
ure 5(g) indicates that the model is mildly unstable over a small angle-of-attack range 
just at the onset of the stall (a = 12° to 18°), but is thereafter statically stable throughout 
the higher angle-of-attack range. The results obtained also show that the same region of 
static instability near the stall is present with the horizontal tails off as with the hori- 
zontal tail on and, therefore, this instability is apparently related to wing stall. 

Variation with sideslip angle.- A comparison of the pitching-moment results pre- 
sented in figure 5 indicates that throughout the developed- spin angle-of-attack range 
(a = 45° to 85°), there is generally no effect of sideslip angle on the pitching moment 
over a sideslip-angle range of ±20°. The pitching moment becomes only very slightly 
more nose-up in magnitude at the larger sideslip angles. Thus, for this configuration, 
the wind-tunnel data show no significant difference in the static pitching moments which 
would be acting during either the steady developed spin, where the sideslip angles remain 
small, or during the oscillatory developed spin, where the sideslip angles may exceed ±30°. 
(See ref. 8 for spin-tunnel test results.) 

Elevator e ffectiveness.- The longitudinal data shown in figure 5(g) indicate that the 
elevator control effectiveness is sufficient with stick full back (6^ = -21°) to trim the 
model at an angle of attack of approximately 28°, which is well above the stall. The 
stick-back control effectiveness decreases to a minimum at about a = 60°, but then 
increases with further increases in a. Control effectiveness for stick full forward 
(6^ = 7°) decreases to near zero at a = 60° and remains near zero at all higher angles 
of attack. 

Effects of different control combi nations .- A comparison of the longitudinal effects 
of two different control combinations, horizontal tail alone and full left pro- spin controls, 
is presented in figure 6. These results show that there are only small differences evi- 
denced in normal-force and pitching-moment coefficients when full left pro-spin controls 
are used instead of horizontal tail alone. Some larger differences do exist in the 
longitudinal-force coefficient. It is believed, however, that these differences in 
longitudinal-force coefficient would not significantly affect the developed-spin 
characteristics. 
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Lateral- Directional Characteristics 

Variation wit h angle of attack .- The static lateral-directional stability coefficients 
of the model as functions of angles of attack and sideslip are presented in figure 7. These 
results indicate that with all controls neutral (6 r = 0°) the model is directionally stable 
(positive slope of C n plotted against |3 for small values of up to an angle of attack 
of 20° and directionally unstable at all higher angles of attack. In addition, the effective 
dihedral (negative slope of plotted against /3 for small values of /3) increases 
from a = 0° to a = 15°. But, where the longitudinal data show flow separation and 
stall to begin, at about a = 15°, a reduction in effective dihedral occurs, with the slope 
of Ci against /3 becoming positive at a = 30°. This combination of directional 
instability and lack of effective dihedral at angles of attack just beyond the stall are con- 
ducive to directional -divergence problems which could lead to inadvertent spin entries. 

A more detailed discussion regarding the directional divergence of this configuration is 
presented in reference 4. 

An examination of the lateral coefficients presented in figure 7 shows that each of 
the coefficients exhibit nonlinearities with respect to sideslip angle over at least a por- 
tion of the angle -of -attack range. Near the stall angle of attack, these nonlinearities 
generally occur at j8 = ±10° or /3 = ±15°. At angles of attack representative of those 
for the developed spin (a = 45° to 85°), these nonlinearities do not generally occur until 
the sideslip angles exceed ±20°. The spin-tunnel test results, reported in reference 8, 
show that this configuration has an oscillatory developed spin with roll angles of over ±30°. 
Since spin recoveries are normally even more oscillatory than the equilibrium developed 
spin, it will be necessary to include all aerodynamic nonlinearities with respect to side- 
slip in any theoretical spin study for this configuration. 

The lateral force tests of a different configuration, reported in reference 3, showed 
the existence of large asymmetric yawing moments but they were random and nonrepeat- 
able at high angles of attack (a approximately 60° to 70°) and zero sideslip. These 
nonrepeatable yawing moments contributed to a lack of correlation between spin theory 
and experimental flight results for the configuration. The data of figure 7 show that the 
present configuration also has some lateral asymmetries, but that all the lateral data, 
including the asymmetries, were closely repeatable. The asymmetries of the present 
model are summarized in figure 8, where the lateral-directional coefficients at zero 
sideslip are presented as a function of angle of attack. As can be seen, only small 
asymmetries occurred in C n , with a maximum value of 0.024 occurring at « = 85°. 

Rudder effectiveness .- The rudder control effectiveness is also shown in figure 7 
for both left (30°) and right (-30°) rudder deflections. The rudder shows very good 
effectiveness in producing yawing moment up to a = 30°. But, at all higher angles of 
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attack, the rudder effectiveness dropped off until it became zero and it remained near 
zero, as would be expected. 

It should be noted that the rudder effectiveness in particular, and indeed all combi- 
nations of lateral controls investigated, showed a variation in the magnitude of control 
effectiveness with sideslip angle. If the control effectiveness data as reported herein 
were obtained in a normal manner, only a control effectiveness coefficient in the form 
of, for example, C n g or C n§ at 0 = 0° would be obtained. To use this type of 

aerodynamic control input in a theoretical spin study as has normally been done in the 
past (see refs. 1 and 2) would presume no control effectiveness variations with sideslip. 
Although nothing is presently known concerning the significance of these variations in 
magnitude of control effectiveness with sideslip on the spin entry, developed spin, or 
recovery motions, it would seem to be advisable to include these variations in any pro- 
posed theoretical spin study. 

Aileron and spoiler effectiveness.- The effect of roll control deflections (combined 
aileron and spoiler) on the lateral-directional stability coefficients is shown in figure 9. 
The magnitude of the effectiveness of the roll control on at a = 0° decreases by 

approximately 50 percent at a = 15°. The roll effectiveness remains near that magni- 
tude from a = 15° to a = 30°, the angle- of -attack range within which the directional 
divergence will occur. At all angles of attack above 40°, the roll control effectiveness 
on drops off to zero and remains near zero. 

The effect of roll control deflections on C n is practically zero at angles of attack 
from -10° to 12.5°; then an adverse effect occurs around a = 20° to 25°. At higher 
angles of attack, the trends are not consistent in magnitude or even direction. 

Full left pro-spin control effectiveness.- The effects on the lateral-directional 
stability coefficients of deflecting all controls to their full left pro-spin deflections is 
shown in figure 10. Through the developed-spin angle-of-attack range (a = 45° to 85°), 
only C n shows any effect due to the left pro-spin control deflections. The effects 
on C n , however, again do not show any consistent pattern with regard to magnitude or 
even direction. At flat-spin angles of attack of a = 85° to a - 90°, even these com- 
bined pro-spin controls show very little effects on C n and practically zero effects 
on Cj. This near-zero control effectiveness would explain the poor spin-recovery 
characteristics of this configuration from these flat spins. (See refs. 5 and 8.) 

Effect of horizontal- tail position.- The effect of horizontal-tail position on the static 
lateral-directional stability coefficients is presented in figure 11. The horizontal-tail 
position has some effect on yawing moment at larger sideslip angles over the entire 
angle-of-attack range. In the angle-of-attack range from a = 50° to a = 70°, the 
stick-full-back position (S h = -21°) causes some relatively large differences in yawing 
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moment at small sideslip angles. These effects of horizontal-tail position at small 
sideslip angles are summarized in figure 12, where the static lateral -directional stability 
derivatives are presented as a function of angle of attack. Figure 12 shows that deflec- 
tion of the horizontal tail to stick-full-back position (6^ = -21°) caused the directional 
instability above the stall to be much more severe up to an angle of attack of about 60°, 
and again at angles of attack above 85°. These results indicate the probability of an 
interference effect between the horizontal and vertical tails at these angles of attack. 
Horizontal -tail position had very little effect on Cy^ or . 

Effects of different control combinations .- A comparison of the effectiveness of 
different control combinations on the static lateral-directional stability coefficients for 
]8 = 0° is presented in figure 13. The data points shown in figure 13 are taken directly 
from the data shown in figures 7 to 12. The relative magnitudes of the effectiveness of 
rudder and roll controls on the lateral-directional coefficients are indicated. As can be 
seen, at developed-spin angles of attack, several combinations of controls would have 
some small effect on C n whereas no combination of controls would produce any signif- 
icant rolling moment. 

If the control effectiveness data as reported herein were reduced to the usual form 

of C n and C n , as mentioned previously, and used as inputs in a theoretical spin 

°a °r 

study, their use in a normal manner would mean that the effectiveness of two or more 
controls individually would be added to account for these controls being deflected simul- 
taneously. Figure 13 shows that the lateral control effectiveness for full left pro-spin 
control deflections is not the same as the sum of the effectiveness of each control indi- 
vidually deflected. Since rolling moment is the primary spin-recovery moment for this 
configuration and since the measured magnitudes of rolling moment in the developed- spin 
angle -of -attack range are so small (essentially zero), even a relatively small rolling- 
moment error in that angle-of-attack range could give an erroneous picture of the spin- 
recovery potential. Therefore, it is deemed advisable to include these control effective- 
ness variations in any proposed theoretical spin study. 

CONCLUDING REMARKS 

Static wind-tunnel force tests were made on a 0.13-scale model of a twin-jet fighter 
airplane over an angle-of-attack range of -10° to 110° and a sideslip-angle range of ±40° 
to obtain aerodynamic input data for use in a theoretical spin study. An analysis of the 
data thus obtained indicates that the following data characteristics are deemed to be of 
particular significance with regard to their intended use in theoretical spin studies: 

1. The data were highly consistent (i.e., repeatable) and had no significant 
hysteresis effects. 
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2. There was no significant effect of sideslip angle on the longitudinal data. 

3. There were no significant differences evidenced in longitudinal control effective- 
ness when full left pro-spin controls were used instead of horizontal tail alone. 

4. The model had large nonlinear variations of all lateral stability coefficients with 
sideslip angle over at least a portion of the angle -of -attack range. 

5. Deflection of the horizontal tail to the stick -full-back position had significant 
effects on the yawing stability derivative in the spin-entry and developed- spin angle-of- 
attack ranges. 

6. Lateral control effectiveness for full left pro-spin control deflections was not 
the same as the sum of the effectiveness of each control individually deflected. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., July 2, 1971. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF AIRPLANE 


Overall length 


17.55 m (57.59 ft) 


Wing: 

Span 

Area (including leading-edge extension) . . . 

Root chord 

Tip chord 

Mean aerodynamic chord, c 

Leading edge of c rearward of leading edge 

of root chord 

Aspect ratio 

Taper ratio 

Sweepback of 25-percent-chord line 

Dihedral (inboard 69.5 percent b/2) 

Dihedral (outboard 69.5 percent b/2) .... 

Incidence 

Airfoil section: 

Root 

Tip 

Aileron: 

Area (one side) • 

Area (one side) rearward of hinge line . . 
Span (one aileron) (from 44.5 to 


67.0 percent b/2) 1.33 m 

Inboard end chord (base line 

103.24 in. (262.23 cm)) 96.04 cm 

Outboard end chord (base line 

155.44 in. (394.82 cm)) 87.33 cm 

Spoilers: 

Area (one side) 


Area (one side) rearward of hinge line 
Span (from 45.3 to 67.0 percent b/2) 

Inboard end chord 

Outboard end chord 


. . . . 11.71 m (38.41 ft) 

. . . 50.01 m 2 (538.34 ft 2 ) 
. . 716.28 cm (282.00 in.) 

. . 119.38 cm (47.00 in.) 

. . 488.95 cm (192.50 in.) 

. . 281.33 cm (110.76 in.) 

2.82 

0.167 

45.00° 

0° 

12.00° 

1.00° 

NACA 0006.4-64 (modified) 
NACA 0003.0-64 (modified) 

. . . 1.23 m 2 (13.26 ft 2 ) 

. . . 1.22 m 2 (13.08 ft 2 ) 

(4.35 ft) or 22.5 percent b/2 

(37.81 in.) or 21.3 percent c 

(34.38 in.) or 27.6 percent c 

. . 0.54 m 2 (5.84 ft 2 ) 

0.50 m 2 (5.44 ft 2 ) 

. . 1.28 m (4.19 ft) 

. . 0.42 m (1.39 ft) 

. . 0.32 m (1.04 ft) 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF AIRPLANE - Concluded 


Horizontal tail: 

Area (in chord plane) 

Movable area 

Span 

Aspect ratio 

Taper ratio 

Sweepback of 25-percent-chord line 

Dihedral 

Root chord (at airplane center line) 

Tip chord (theoretical) 

Airfoil section: 

Root (airplane center line) . . . 

Tip (theoretical) 

Hinge-line location, percent c^. 

Vertical tail: 

Area 

Span 

Taper ratio 

Root chord 

Tip chord 

Sweepback of 25-percent-chord line 
Airfoil section: 

Root 

Tip 

Rudder : 

Area (rearward of hinge line) . . . 
Hinge -line location, percent chord . 


8.80 m 2 (94.70 ft 2 ) 
7.19 m 2 (77.40 ft 2 ) 
5.40 m (17.705 ft) 

3.30 

0.20 

35.50° 

-23.00° 

271.78 cm (107.00 in.) 
54.36 cm (21.40 in.) 


NACA 0003.7-64 (modified) 
NACA 0003.0-64 (modified) 
41.00 

. . 6.27 m 2 (67.50 ft 2 ) 

. . 1.94 m (6.38 ft) 

0.227 

. 526.16 cm (207.15 in.) 

. 119.63 cm (47.10 in.) 

58.30° 

NACA 0004.0-64 (modified) 
NACA 0002.5-64 (modified) 

. . 1.03 m 2 (11.07 ft 2 ) 

80.00 
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Figure 3.- Photograph of the 0.13-scale model of the twin-jet fighter airplane 
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(a) or = -10°. (b) a = -5°. 

Figure 9.- Effect of roll control deflections (combined aileron and spoiler) 
on the static lateral-directional stability coefficients as a function of 
angle of attack and sideslip angle. 6 h = 0°. (Double symbols, when 
used, show repeat tests.) 












Figure 9.- Continued, 




Figure 9.- Continued 
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(a) a = 0 . 

Figure 10.- Effect of combined left pro-spin controls on the static lateral- 
directional stability coefficients as a function of angle of attack and 
sideslip angle. S h = 0°. (Double symbols, when used, show repeat tests.) 








Figure 10.- Continued. 
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